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6047SS84 aI3.iaOS'03 
PROCESS FOR PREPARING TRANS<LS,2£)-AMINOCYCLOHEXYL ETHER COMPOUNDS 
FIELD OF THE INVENTION 

The present invention is generally directed toward a process for the preparation of 
stereoisomerically substandaUy pure trans^^aminocyclohexy, ether compounds as well as various 
intermediates and substrates involved. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Scheme I mistral a general reaction scheme that may be used as a process for preparing a 
stereoisomericaUy substantially pure hans^^anrinocyclohesy! ether compound of formula (10) 

Scheme 2A Ulustiates a reaction scheme *a, may be used as a process for preparing a 
steteotsomerically subsfcattaHy pure uans-(15,2 S )-aminocyc.„hexy.eU,er compound of formula (20) 

Scheme 2B iUustmtos a reaction scheme that may be useri as a process fo, peering a 
stereotsomericaUy substentiany pure bans^^amlnocycloheaylether compound of formula (20) 

Scheme 3A illustrates a reaction scheme that may be used as a process for preparing a 
atereosomericaUy substantially pure bans^.^anurtocyc.ohexy.eUrer compound of formula (24) 

Scheme 3B illustrates a reaction scheme that may be used as a process for preparing a 
stereotsomericaUy substantially pure hans.(li,2S>and»oc,clohexy,e,her compound of formuia (24) 

Scheme 4 illustrates a general reason scheme an, may be used as a process for preparing a 
stereorsomericaUy substantia^ pure trans-^andnocyclohexy, ether compound of formula (1 0) 

Scheme 5A illustrates a reaction scheme tha, may be used as a process for pouring a 
stereoisomerically substontiaUy pure trens-^^-amtoocyclohe^edter compound of formula (20) 

Scheme 5B illusha.es a reaction scheme that may be used as a process for preparing a 
stereotsomerically substantia!* pure hanK^2S)-aminocyclohexylemer compound of formnla (20) 

Scheme «A fflustrates a reaction scheme that may be used as a procesa for preparing a 
StereotsomericaUy substahtiaUypure trans^2S>anu„„cyclohexyle«her compound of formula (24) 

Scheme 6B fflustretes a reaction scheme tha. may be used as a process for preparing a 
stereorsomericaHy substantia^ pure hans^^aminocyclohexyledrer compound of formula (24) 

Scheme 7 fflustrates a genera! reaction scheme dm, may be useo as a process for preparing a 
Stereoisomerically aubs.an.iaUy pure Irans-ps^aminocyclohexy, ettter compound of formula (10) 

Scheme 8A fflustrates a reaction scheme ,ha, may be used as a process for preparing a 
stereotsomerically substantially pure Irans-dS^-aminocyclohexylethe, compound of folate (20) 



Scheme SB musses a reacdon seta™ that may be used as a process for prepMjllg . 
steremsomencaUy substanuaUy pnre tmn K tf,2 S )-ann™cyc.ohexy.e,he, compound of fomuua (20) 

SCeme 9A masses a reacdon scheme ma, may be used as a process for preparing a 
steremsomerrcady snbs.anbauy pare rraas-(^ 2 y ) . a mmo=yclohe X y 1 e t her compound offommla L 

Scheme 9B masses a reaction scheme ma, may be ased as a process for preparing a 
stere™cady subsmnbaUy pore ^ns^^ammocydohexyiemer compoond offormuTa L 

stereois t^ ' ^ "*~ — . for preparing a 

ste—ncady substantial pme danKl^anrinocyctohexy. erne, compoond o, J (10 ) 

Scheme HA iUusda,es a reacdon scheme ma, may be osed as a process for preparing a 
steremsomencaUy substanbady pure ^.^ammocyclohexyemer compoond of formula <i) 

Scheme 11B dtusdates a reacdon scheme ma, may be used as a process for preparing a 

Scheme ,2A iHustra.es a reacdon scheme ma, may be used as a process for preparing a 
SteremsomencaUy substeubady pme «ns-( I5 2 S )-amin M yc 1 ohexy.emer compound of fbrmu.1 L 

Scheme ,2B dmstrates a reacdon scheme ma,- may be used as a process for prepalg a 
ste_ca«y substenuaUy pure W^-armnocyc.ohexy.emer compound offormma (^) 

Stereoiso!™',, 3 * •* — "» — " ' »— «• P-PaHng a 

stereorsomeneoUy subsrandady pure UanK^^aminocyCobexy, emer impend of mrja (.0) 

Scheme J4A iUusdates a reacdon scheme ma, may be used as a process tor preparing a 
stereorsomencaUy subset, pure ^ Wta(late ^ ^ 

Scheme !4B Umsdates a reacdon scheme ma, may be used as a process ,o, preparing a 
StereorsomencaUy subsmndaUy p„ re banK^^aminocyCohexylemer compound offonmda (*) 

Scheme !5A musba.es a reacdon scheme ma, may be used as a process for preplg a 
stereo™,, f"""** <™ — (^.^aminocyCohexy.eme, compmmd offormum 

stereo' „ 15B """^ ' KaC,k>n *" ^ "» — " ' — 'or preparing a 

stereorsmnencuUy sobstenbaUy pure dans^^ammocydobexy.etber compound offomnda («). 

Scheme M Musbutes a genera, reacdon scheme ma, may be used as a process fc , prepari^ a 
steceorsomencaUy substanuaUy pum tmnsWammocyclohexy, ether compound of fbnn Ja (10, 

Scheme 17A musdates a reucdon scheme ,ha, may be used as a process for preparing a 
stereo.somenca.ty sobsbmdaUy pure trans- (^^m.cyc.ohexy.ether compound offomnda (£» 

Scheme ,7B musba.es a reacdon scheme ma, may be useri as a process for pr^ng a 
steremsomencauy substendady pure banK^^ocy Coherer compomrd o, formuU L. 



Scheme 18A illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure trans^lS^-aminocyclohexylether compound of formula (24). 

Scheme 18B illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure trans-(LS;25)-aminocyclohexylether compound of formula (24). 

Scheme 19 illustrates a general reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure trans -(15,25)- an, inocycl oh exyl ether compound of formula (10) 

Scheme 20A illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure trans-dS^aminocyclohexylether compound of formula (20) 

Scheme 20B illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure transK15,25)-aminocyclohexylether compound of formula (20). 

Scheme 21A illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure trans-(15,25)-aminocyclohexylether compound of formula (24) 

Scheme 21B illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure trans^^aminocyclohexylether compound of formula (24) 

Scheme 22B illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure tran S -(l 5 ,2^-aminocyclohexylether compound of formula (20) 

Scheme 23B illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure trans-(15,25)-aminocyclohexylether compound of formula (24) 

Scheme 24 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure compound of formula (8). 

Scheme 25A illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure compound of formula (18). 

Scheme 25B illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure compound of formula (22). 

Scheme 26B illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure compound of formula (26). 

Scheme 27 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure compound of formula (6). 

Scheme 28A illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure compound of formula (16). 

Scheme 29 illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomerically substantially pure compound of formula (5). 



Scheme 30A illustrates a reaction scheme that may be used as a process for preparing a 
stereoisomencaUy substantially pure compound of formula (15). 

Scheme 31 illustrates a reaction scheme that may be used as a Dm «.« f„ 

. . . „ J UiCU 35 a process for preparing a 

stereoisomer^ substantially pure compound of formula (4). 

stereo" ^ * ^ ^ * — 38 * ^ *>< P-paring a 

steremsomencaUy substantially pure compound of formula (14).- 

DESCRIPTION OF THE INVENTION 
Definitions and Comrenfions, 

mol«u, *, " f0,mUlae dePiCte<l 2 b0 " d '° ' SUbSU,Ue '» «*» * »- -« ^ a 

nng s*,cfore. * rndtcates te to bond my be attacted to My Me o( fc atoms 

ZTtT - ° " 3 ^ ^ C °" ,d " e « — ■ ™» - -areola, 

ts for a partfcuUr position in a struck, ta hydrogen(s) „ ^ „ ^ 

posmon. For example, compounds of the invention containing the following group: 




are intended to encompass groups wherein any ring atom Urn, come otherwise be substituted with 
hydrogen, may instead be substituted with either R, R ™n 

nuea W «B amer RJ.R, or Rs,w„h the proviso that each of R 3 , R, and R, 

appears once and omyonoe on the ring. Ring atoms that are no, substituted with any „, R 3 R.orR.are 
substttuted with hydrogen, .u tho, instances where the invention speci fi es ma, a non-al^ ^ 
subsbmted wtth more man one R gmup, and those R g^ps are shown connected to the non-aromatic 
n.g w,* bonds ma, bisect ring bond, men the R groups may be present a, different atoms of .he r^ 
on me same a,om o, me ring, so long as Ota, atom cu,d othenvrae be substituted with a hydrogen atom 

When the invention specifies the location of an asymmetric divalent radical, men that 
drvalen. radtca. may be positioned in any possible manne, mat provides a stable chemica, struck 

A wavy bond from a substimen, ,o me central cyclohexane ring indicates Bra. Oral group 
may be located on either side of the plane of the central ring. 



4 



I 



The compounds of the present invention contain at least two asymmetric carbon atoms and 
thus can exist as enantiomers and diastereomers. Unless otherwise noted, the phrase "stereoisomer**!* 
substantially pure" generally refers to those asymmetric carbon atoms that are described or illustrated in 
the structural formulae for that compound. 

The phrase "independently at each occurrence" is intended to mean (i) when any variable 
occurs more than one time in a compound of the invention, the definition of that variable at each 
occurrence is independent of its definition at every other occurrence; and (ii) the identity of any one of 
two different variables (e.g., R, within the set R, and R 2 ) is selected without regard of the identity of the 
other member of the set However, combinations of substituents and/or variables are permissible only if 
such combinations result in stable compounds. 

In accordance with the present invention and as used herein, the following terms are 
defined to have following meanings, unless explicitly stated otherwise: 

"Acid addition salts" refers to those salts which retain the biological effectiveness and 
property of the free bases and which are not biologically or otherwise undesirable, formed with 
inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid 
and the bke, or organic acids such as acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid 
male* acid, malonic acid, succinic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic 
acd, mandelic acid, methanesulfonic acid, ethanesulfonic acid, ,-toIuenesulfonic acid, salicylic acid and 
the like. 

"AcyP refers to branched or unbranched hydrocarbon fragments terminated by a carbonyl 
-(C=0)- group containing the specified number of carbon atoms. Examples include acetyl [CH 3 C(=0)-, a 
C 2 acyl] and propionyl [CH 3 CH 2 C(=0)-, a C 3 acyl]. 

"Alkanoyloxy" refers to an ester substituent wherein the non-carbonyl oxygen is the point 
of attachment to the molecule. Examples include propanoyloxy [(CH 3 CH 2 C(=0)-0-, a C 3 alkanoyloxy] 
and ethanoyloxy [CH 3 C(=0)-0-, a C 2 alkanoyloxy]. 

"Alkoxy" refers to an O-atom substituted by an alkyl group, for example, methoxy 
[-OCH 3 , a Calkoxy], J 

"Alkoxyalkyl" refers to an alkylene group substituted with an alkoxy group. For example 
methoxyethyl [CH 3 OCH 2 CH 2 -] and ethoxymethyl (CH 3 CH 2 OCH 2 -] are both Qalkoxyalkyl groups. 

"AlkoxycarbonyP refers to an ester substituent wherein the carbonyl carbon is the point of 
attachment to the molecule. Examples include ethoxycarbonyl [CH 3 CH 2 OC(=0)-, a Qalkoxycarbonyll 
and methoxycarbonyl (CH 3 OC(=0)-, a C 2 alkoxycarbonyl]. 



n, h , **" 10 S bra " Ched °' U, ' branChCd M«x-*0" ft^em containing the specified 

number of ca*on atoms and having „ ne poin, of auachment. Examples include n-propy. (a Csa^l 
propyl (also a Cjalkyl), and r-butvl la Caltvll M.«, . ■ 1 ^alkyl), «o- 

.... % 18 re P resellte<l ^ <>« symbol Me or CH, 

Al^Iene" refers .„ a divalen. radical which is a branched or unbraoched hydrocarbon 
fragm en conlannns me spewed number of carbon atoms, astd having two points o, J^TZ 
example is propylene [-CH2CH2CH2-, a C3alkylene] 'attachment. An 

carboxynca^^ 

•■Aryi- refers l0 aromatic gmups which have at leas, one ring having a conhmated „i 
lacnon system and indndes carbocyclic aryl, heterocycUc aryl (also Known as be^^Tl 
bt^l gronps, a,, o, which may be optionally substituted. Carbocyclic ary, gronps are genTrTZ Id 



nroun A "T^ 10 " ^ **** ™ « »» *** <* «—« - - an aryl 

gronp. An ex^e of an araUty, group is the benxy, group (Bn) tt^CH,-, . C7aralty| ffQup] " "* 

Mcycac, or -S^LtU ^ T " " ~ " ~ - " 
delfcedabove."^"^ 

ZvT ^ gK " ,PS toClUde m °"°^ U - : «"*•**> -* ^nps such as 

Heteroatom refers to a non-carbon atom, where boron, nitrogen oxygen sulfur and 
Phosphorus are preferred heteroatoms, with nilrogen, oxygen and sulfbr bei^ pZ"ll 
heteroatoms m the compounds of the present invention. 

Heteroaryl" refers ,0 aryl groups having from 1 «. 9 carbon atoms and «he remainder of 

> edition, 1968, R.C. Weast, editor; The Chemical Rubber Co Cleveland OH <^ 

Partly SeCon C, K„,es fo r Naming Organic Compounds, B. Knndamenta, «c £T 



Striteble tettroMyb include fma,,,,, ^ pyIjdyl> pyirolyl , ^ ^ 

1LK6* 

"Hydroxyalkyr refers t „ . branched or hydrocaif)OI1 ^ 

ydroxy (-OH) group. &amples tadude hydroxynKthyl a 

l-hydi»j!yetbyl(-CHOHCH3,aC2hydroxyalkyl). 

(CH3S-, a C« M " 10 ' ^ ^ ^ ^ M "* ^ fM 6 — * 

"Modulatog" in electa wi«h «he acdvity of ao ion, channe! means ,ha, tte activity of 
.he ,on cbanne. may be either incmased or decreased in response to administration of a „ mpound or 
composttton or method o, Ihe present invendon. Thus, ,he ion Canoe! ma, be abated, so as ,o 
transport more ions, or may be blocked, so that fewer or no ions are transported b, ebe channel 

•Thannaceutically acceptable earners" fc, therapeutic nse are well known in the 

Pharmaceutical art, and are described, for example, in Kerning tSmam ^ ^ w 

^bbshtng Co. (A.R. Genua*, edit. 1985 ). For exampte, sterile saline and phosphate-buflered saline a, 
.mystologrca. pH may be use. Freserva tives , stabilizere> dyes _ ^ ^ ^ 

m the phartuaceuaca, composittou. For example, sodium benzoate, sorbic acid and esters of 
^hydroxybenzoic acid may be added as preservatives. Ii a, ,449. !n addition, andoxidants and 
suspending agents may be used IcL 

"Pharmaceudcatly acceptable salr refers to salts of the compounds of the present 
mventton denved from the combination of ^ impounds and an organic or inorganic acid (acid 
addttron salts) or a. organic or inorganic base (base addition salts). Tte compounds o, the present 

r«rr be r d ta either "* * ee *** ° r •* ,orms ' — — - »*. 

wrthm the scope of the present invention. 

The -.herapeuttcally effective amount- of a compound of the present invention will depend 
on the mute of adminisbadon, the type of warm-blooded animal being treated, and the physical 
characteristics of the speeffle wtnrn-blooded animal under consideration. ITese factors and their- 
relattonship lo deternrining Una amount are well known to skilled practitioners in the medical arts This 
amount and the method of adnumstrauon can be lailored to achieve optimal efficacy but wil, depend on 
such lectors as weigh,, die, concurrent medication and other factors which those skilled in the medical 
arts will recognize. 

Compositions described herein as "containing a compound of the present invention- 
encompass compositions ma, may content more man one compound of the present invention formula. 



The synthedc procedures described herein, especiaUy when taken with the general 
knowledge in the art, provide sufficient guidance ,o perform the synthesis, Nation, and purificadon „, 
the compounds of the present invention. 

The following examples are offered by wa, of flinstradon and not byway of limitation. 
Unless otherwise specified, sterfiog materia* and reagents ma, be obtained from well-known commercial 
supply houses, eg., Aldrich Chemical Company (Milwaukee, WI), and are of standard grade and purity 
or may be obtained by procedures described in the arf or adapted therefrom, where suitable procedures 
may be .deified through Ore Chemical Abstract and Indices therefor, as developed and published by the 
Amencan Chemical Society. 

Puffin; of Some General Reaction Prry^o, »r |„ wnli ^ 

™=™™^°nexyl ether compounds of me p^ 
fturcfional groups disposed in a V anangeraen, on a cydohexane ring. Accordingly, the ether and amino 
fimcuona, groups may be disposed in eithe, a cis or n™ relationship, raUuve ,o one another and the 
plane of the cydohexane ring. The present mvention provides synthetic processes whereby compounds of 
formula (10) with ^ configuration for Ore emer and amino funcuona, groups may be prepared 
m stereorsomericaUy subsumdaUy pure form. Compounds offormulae (20), (22), (24) and (2d) am some 
of the exampfes represe „ ted „ y ^ (w) ^ ^ ^ ^ 

whereby compounds of formulae (4), (5), (6) and (8) may be synthesized in stereoisomer^ 
substantrally pure forms. Compounds (1 4), (1 S), (16) and (18) are examples of f„nnu>ae (4), (5), (6) and 
(8) respectively. v " v ' 

As o«Ume4 in Scheme 1, the preparation of a stereoisomericall, substantially pure trans 
ammocydohexy, emer compound offonmda (10) may be earned ou, by foUowing a process starting with 
a monohalobenzene (1), wherein X may be F, a, Br or I. 

In a first step, compound (1) is transformed by well-established microbial oxidatton to the 
cts-cydohexandienediol (2) in stereoisomerically substendally pure form (T. Hudlicky e, a! 
Aldrichimlca Ada, ,999, 22, 35; and references cited .herein), m a separate step, me ,esa hindered' 
hydroxy function in compound (2) may be selectively monoprotected as compound (3) where Pro 
represents the appropriate protecting group of me hydroxy funcfion wiro retention of stereochemistry (T 
Hudlicky e, al., AJdricbimica Ada, !999, 32, 35; S.M. Brown and T. Hudlicky, In Orgamc Synthesis-' 
Theory and Applicafions; T. HudUcky, Ed, ,A1 Press: Greenwich, CT, 1993; Vol. 2, p 113; and 
references citeo therein). Tri-alkyl-silyl groups such as tri-isopropyl-sily! (TIPS) and t-butyldimethylsilyl 



(TBDMS) aod alxyl-diaryl-stiy, poups such as rtutyldiphenylsfly, flBDPS) arc some of toe possible 
examples for Pro. SuiteMe reaction colons arc sc, fort, to, ,„ r example, Greene, "Protective Groups to 
Organrc C entistry", John WUe y A Sous, New Yo* NY (1991). to a sepamte step, conversion of 
cornpound 3) ,o compound (4) may be effect by hydrogenation and hydrngendysis to .he presence o, a 
catalyst under appropriate conditions. Palladium on activated carbon is one exampto of me catalysts 

Hydrogenolysis of alkyl or alkenyl halide such as «> m»v t, * ., 

y v aixcnyi nautle such as (3) may be conducted under basic conditions. He 

presence of a !»se sncb as sodium etboxide, sodium bicarbonate, sodium acetate or catetom carbonate is 
some po*ib.e exampfes. Tbe base may be added to one portion or increment during tire course o, toe 
reaction, to a separate step, toe free hydroxy group of compound (4) is convert into an activated torn, as 
presented by formnia (5) under suitebie conditions. An -activated form- as used hereto means to., toe 
*droxy group rs convex into a good fcavtog group (-O-r, ^ ^ ^ may ^ . 

(MSO-) group a tosytote gmup (IsO-) or a nosytote (NsO-). The hydroxy group may also be converted 
rnto other suttobto leaving group, are0ldfag l0 procedures wM ^ ^ ^ ^ 

l"; h ° f 3 ~ (4 > * «— ^ • ^ activating reagent such as tosyl 

chtond CTsCl) m toe presence o, a base, such as pyridine or triethylamtoe. The reaction is generaly 
satisfactory conducted at about O'C, bu, may be adjuster, as quired to maxima toe yie,ds of to 
dasrreti product. An excess of toe hydroxy activating reagent (e.g. tosy, chloride), relative 
(4) may be user, to maximany convert toe hydroxy group into toe activated form. ,n a separate step 

ZT t !rr? 8 ^ " mmPOmi ^ ^ «- ^ammonium 

flu nde m tetiahydrotoran or as desctibed in Greene, "Protective Groups in Organic Chemistry", John 

Wriey & Sons, New York NY (1991)) affords compound (o, In a separate step, alxytotion jTto flee 
bydroxy group m compound (6) to form compound (8) is carried on, under appropriate conditions with 
compound (7), where ^ represent, a good leaving group on reaction with a hydroxy function with 
retention „, toe stereochemical contention o, toe hydroxy taction in toe formation o, an etoer 
compound. TricWoroacetimidate is one exampie for toe ^ function. For some compound (7) i, may 
be necessary to introduce appropriate protean groups prior to tins step being performed. Suitabte 
protector groups are set torto in, tor examp,e, Greane, "Protective Groups in Organic Chemistry.., John 
Wrley Si Sons, New York NY (1991). 

In a separate step, toe rented compound (8) is treated under suitebie conditions with an 
ammo compound offormu,. (9) to f„ m compound (10) as toe product. He reaction may be carried out 
unto or wtthouta solvent and a, an appropriate temperature range toa, anows toe fcrmation of toe product 
(10) at a surtaMe rate. A. excess of toe amino compound (9) ma, be user, to maximally convert 
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^pouud (8) » * P-»« 00). Ihe reaction may be periommd to te presenM of . base ^ ^ 
fccdrtate U,e fonnation o, the produC Generally me base is non-nucieophilic i. chemice, mactivU, 
Wen the reaction baa proved ,„ substentia, completion, «be product ia reeved from the reaction 
***** b, conventions, organic chemisby techniques, and ia panned according.,. Protecrive groups may 
be .moved a. me appropriate stage ot ^ reactio „ sequence. Sairabk memods am se, forth in, for 
exampie, Greene, -Protective Groups in Organic Cbemiao,-, lohn Wiiey & Sons, New York NY (1991) 

^ ~*- » *«*- a*°ve (Scbeme 1) generates me cmpound offonnuia (10) as me 

nee base. Tbe free base may be converted, if desimd, „ me monohydrochloride sal, by known 
memodologres, or aitemativery, m omer acid addidon safe by reaction wim an inorganic or organic acid 

ac^T'T T^"" Ad<l ^ — - — «» ~ — — * reaction of one 
acrd addruon sal, wrm an acid ma, is sbonge, man ma, giving rise ,o me initial sal,. 

ineornorn, H ^ r^*"* "* PateM aPPUCatt0nS me °"° Md * « »— 

mcmpommd by reference ,o me same extent as if eacb individua! pubtication o, paten, appticadon ia 

speoficanyandindividuaUyinconwratedbymfemnce. 

In .me aspec,, me pmsen, invendon provides a process fb, me preparation of a 
stereoisomencaUy substantially pure compound of formula (10): 

B4 
Rs 

(10) 

wherein, independend, a, eacb occurrence, R, and R 2 am independendy selected from 
hydrogen, Q-Qalkyl, Q-Calkoxyalkyl, C-Cshyrboxyalkyl, and C-C I2 amlkyl; o, 

in . , „nw ^ WbeD **" K>8e,ber Wi ' b °* "° m t0 whick ^ « "irecdy attached 

m formula (10), form a ring denoted by formula (I): 

wberein me ring of formula (Q is formed from me nitrogen as shown as we,, as three to nine additional 
nng atoms mdependendy selected from carbon, nitiogen, oxygen, and smfur, where any two adjacent ring 
atoms may be joined togerher by singre o, doubie bonds, and where any one or more of me add*. J 
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carbon ring atoms may be substituted with one or two substituents selected from hydrogen, hydroxy 
Q-Cahydroxyalkyl, oxo, C 2 -Qacyl, Chalky!, Q-Qalkylcarboxy, Q-Qalkoxy, Q-Caoalkanoyloxy or 
may be substituted to form a spiro five- or six-membered heterocyclic ring containing one or two 
heteroatoms selected from oxygen and sulfur; and any two adjacent additional carbon ring atoms may be 
fused to a Ca-Qcarbocyclic ring, and any one or more of the additional nitrogen ring atoms may be 
substituted with substituents selected from hydrogen, C-Qalkyl, C 2 -C 4 acyl, C.-Qbydroxyalkyl and 
C 3 -C 8 alkoxyalkyl; or 

and R 2 , when taken together with the nitrogen atom to which they are directly attached in 
formula (I), may form a bicyclic ring system selected from 3-azabicyclo[3.2.2]nonan-3-yl, 2-aza- 
bicyclo[2.2.2]octan-2-yl, 3-azabicyclo[3.1.0]hexan-3-yl, and 3-azabicyclo[3.2.0]heptan-3-yl; 

R 3 , R4 and R 5 are independently selected from bromine, chlorine, fluorine, carboxy, hydrogen 
hydroxy, hydroxymethyl, methanesulfonamido, nitro, cyano, sulfamyl, trifluoromethyl' 
Q-Calkanoyloxy, Q-Qalkyl, Q-Qalkoxy, C 2 -C 7 alkoxycarbonyl, Q-Qthioalkyl, aryl and N^R,) 
where R5 and R 7 are independentiy selected from hydrogen, acetyl, methanesulfonyl, and d-Qalkyl; 

comprising the steps of starting with a monohalobenzene (1), wherein X may be F, CI, Br or r- and 
following a reaction sequence as outlined in Scheme 1 under suitable conditions, wherein 

Pro represents the appropriate protecting group of the hydroxy function with retention of 
stereochemistry; 

-O-Q represents a good leaving group on reaction with a hydroxy function under suitable 
conditions with retention of the stereochemical configuration of the hydroxy function in the formation of 
an ether compound; and 

-O-J represents a good leaving group on reaction with a nucleophilic reactant under suitable 
conditions with inversion of the stereochemical configuration as illustrated in Scheme 1 and all the 
formulae and symbols are as described above. 

In another aspect, the present invention provides a process for the preparation of a 
stereoisomerically substantially pure compound of formula (20), comprising the steps under suitable 
conditions as shown in Scheme 2A, wherein all the formulae and symbols are as described above. As 
outlined in Scheme 2A, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (20) may be carried out by starting with a biotransformation of chlorobenzene 
(1) to compound (12) by microorganism such as Pseudomonas putida 39/D. Experimental conditions for 
the biotransformation are well established- (Organic Synthesis, Vol. 76, 77 and T. Hudlicky et al 
Aldrichimica Acta, 1999, 32, 35; and references cited therein). In a separate step, the less hindered 



hydroxy function in compound (12) is selectively monosilylated as compound (13) by reaction with 
silylating reagent such as t-butyldiphenylsilyl chloride (TBDPSC1) under suitable conditions (eg 
imidazole in CH 2 d 2 ) <T. Hudlicky et al., Aldrichirnica Acta, 1999, 32, 35; S.M. Brown and T. Hudlicky 
In Organic Synthesis: Theory and Applications; T. Hudlicky, Ed.; JAI Press: Greenwich, CT, 1993- Vol 
2, p 113; and references cited therein). In another separate step, compound (13) is converted to compound 
(14) by reduction such as hydrogenation and hydrogenolysis in the presence of a catalyst under 
appropriate conditions. Palladium on activated carbon is one example of the catalysts. The reduction of 
compound (13) may be conducted under basic conditions e.g. in the presence of a base such as sodium 
ethoxide, sodium bicarbonate, sodium acetate or calcium carbonate. The base may be added in one 
portum or incrementally during the course of the reaction. In a separate step, the hydroxy group of 
compound (14) is converted under suitable conditions into an activated form such as the tosylate of 
formula (15) by treatment with tosyl chloride CTsCl) in the presence of pyridine. In another separate step 
the t-butyldiphenylsilyl (TBDPS) protection group in compound (15) may be removed by standard 
procedures (e.g. tetrabutylammonium fluoride in tetrahydrofuran or as described in Greene, "Protective 
Groups in Organic Chemistry", John Wiley & Sons, New York NY (1991)) to afford the hydroxytosylate 
compound (16). In a separate step, the free hydroxy group in compound (16) is alkylated under 
appropriate conditions to form compound (18). The trichloroacetimidate (17) is readily prepared from the 
corresponding alcohol, 3,4-dimethoxyphenethyl alcohol which is commerciaUy available (eg Aldrich) 
by treatment with trichloroacetonitrile. The alkylation of compound (16) by trichloroacetimidate (17) may 
be earned out in the presence of a Lewis acid such as HBF 4 . In another separate step, the tosylate group of 
formula (18) ,s displaced by an amino compound such as 3*-pyrrolidinol (19) with inversion of 
configuration. 3*-pyrrolidinol (19) is commerciaUy available (e.g. Aldrich) or may be prepared according 
to published procedure (e.g. Chem.Ber./Recueil 1997, 130, 385-397). The reaction may be carried out 
wxth or without a solvent and at an appropriate temperature range that allows the formation of the product 
(20) at a suitable rate. An excess of the amino compound (19) may be used to maximally convert 
compound (18) to the product (20). The reaction may be performed in the presence of a base that can 
facilitate the formation and isolation of the product. Generally the additional base is non-nucleophilic in 
chemical reactivity. When the reaction has proceeded to substantial completion, the desired product is 
recovered from the reaction mixture by conventional organic chemistry techniques, and is purified 
accordingly. 

The reaction sequence described above (Scheme 2A) in general generates the compound of 
formula (20) as the free base. The free base may be converted, if desired, to the monohydrochloride salt 
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by known methodologies, or alternatively, to other add addition salts by reaction with an inorganic or 
organic acid under appropriate conditions. Acid addition salts can also be prepared metathetically by 
reaction of one acid addition salt with an acid that is stronger than that giving rise to the initial salt. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (20) may be carried out by a process as outlined in Scheme 2B, comprising 
the steps of starting with chlorobenzene (11) and following a reaction sequence under suitable conditions 
analogous to the applicable portion that is described in Scheme 2A above leading to compound of formula 
(18). The latter is reacted with an amino compound of formula (21) wherein Bn represents a benzyl 
protection group of the hydroxy function of 3*-pyrrolidinol to form compound (22). Compound (21) is 
commercially available (e.g. Aldrich) or may be prepared according to published procedure (e.g. 
Chem.Ber./Recueil 1997, 130, 385-397). The reaction may be carried out with or without a solvent and at 
an appropriate temperature range that allows the formation of the product (21) at a suitable rate. An 
excess of the amino compound (21) may be used to maximally convert compound (18) to the product 
(22). The reaction may be performed in the presence of a base that can facilitate the formation of the 
product. Generally the additional base is non-nucleophilic in chemical reactivity. The benzyl (Bn) 
protection group of compound (22) may be removed by standard procedure (e.g. hydrogenation in the 
presence of a catalyst under appropriate conditions. Palladium on activated carbon is one example of the 
catalysts. Other suitable conditions are as described in Greene, "Protective Groups in Organic Chemistry- 
John Wiley & Sons, New York NY (1991)). The product is a stereoisomerically substantially pure trans 
aminocyclohexyl ether compound of formula (20) and is generally formed as the free base. The free base 
may be converted, if desired, to the monohydrochloride salt by known methodologies, or alternatively, to 
other acid addition salts by reaction with an inorganic or organic acid under appropriate conditions. Acid 
addition salts can also be prepared metathetically by reaction of one acid addition salt with an acid that is 
stronger than that giving rise to the initial salt. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (24) may be carried out by a process as outlined in Scheme 3A, comprising 
the steps of starting with chlorobenzene (11) and following a reaction sequence under suitable conditions 
analogous to the applicable portion that is described in Scheme 2A above leading to compound of formula 
(18). The latter is reacted with an amino compound of formula (23). Compound (23), 35-pyrrolidinol, is 
commercially available (e.g. Aldrich) or may be prepared according to published procedure (e.g. 
Chem.Ber./Recueil 1997, 130, 385-397). The reaction may be carried out with or without a solvent and at 
an appropriate temperature range that allows the formation of the product (24) at a suitable rate. An 
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excess of the amino compound (23) may be used to maximally convert compound (18) to the product 
(24). The reaction may be performed in the presence of a base that can facilitate the formation of the 
product. Generally the additional base is non-nucleophilic in chemical reactivity. The product is a 
stereoisomerically substantially pure trans aminocyclohexyl ether compound of formula (24) and is 
formed as the free base. The free base may be converted, if desired, to the monohydrochloride salt by 
known methodologies, or alternatively, to other acid addition salts by reaction with an inorganic or 
organic acids under appropriate conditions. Acid addition salts can also be prepared metathetically by 
reaction of one acid addition salt with an acid that is stronger than that giving rise to the initial salt. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (24) may be carried out by a process as outlined in Scheme 3B, comprising 
the steps of starting with chlorobenzene (11) and following a reaction sequence under suitable conditions 
analogous to the applicable portion that is described in Scheme 2B above leading to compound of formula 
(18). The latter is reacted with an amino compound of formula (25) wherein Bn represents a benzyl 
protection group of the hydroxy function of 35-pyrrolidinol to form compound (26). Compound (25) is 
commercially available (e.g. Aldrich) or may be prepared according to published procedure (eg 
Chem.Ber./Recueil 1997, 130, 385-397). The reaction may be carried out with or without a solvent and at 
an appropriate temperature range that allows the formation of the product (26) at a suitable rate An 
excess of the amino compound (25) may be used to maximally convert compound (18) to the product 
(26). The reaction may be performed in the presence of a base that can facilitate the formation of the 
product. Generally the additional base is non-nucleophilic in chemical reactivity. The benzyl (Bn) 
protection group of compound (26) may be removed by standard procedure (e.g. hydrogenation in the 
presence of a catalyst under appropriate conditions. Palladium on activated carbon is one example of the 
catalysts. Other suitable conditions are as described in Greene, "Protective Groups in Organic Chemistry- 
John Wiley & Sonf , New York NY (1991)). The product is a stereoisomerically substantially pure trans 
aminocyclohexyl ether compound of formula (24) and is formed as the free base. The free base may be 
converted, if desired, to the monohydrochloride salt by known methodologies, or alternatively, to other 
acid addition salts by reaction with an inorganic or organic acids under appropriate conditions. Acid 
addition salts can also be prepared metathetically by reaction of one acid addition salt with an acid that is 
stronger than that giving rise to the initial salt 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (10) may be carried out by a process as outlined in Scheme 4, comprising the 
steps of starting with compound of formula (2) and following a reaction sequence under suitable 
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conditions analogoos .0 the applicable portion toa, is described to Scheme 1, whereto ail the formulae and 
symbols are as described above. 

In another aspect, the preparation of a stereoisomerically snbstontially pum tons arntoocyclohexyl 
ether compound of formula (20) may be canted on. by a process as ootlined in Scheme 5A, comprising 
the steps o, starting with componnd of formula (12) and following a reaction sequence nnder snitable 
conditions analogous to the appticable portion Ota, is described to Scheme 2A, whereto all the f„,m ulae 
and symbols am as described above. 3^h lo ,o<I S> 2 S )-3,5-cyc I ohexadiene. I ,2.dio I of formula (12) is a 
commerciaUy available product (e.g. Aldrich) or synthesized according to pnblished proce<1<lre (eg 
Organic Synthesis, Vol. 76, 77 and T. Hudticky e, al., Aldrichimica Acta, 1999, 32. 35; and references 
cited therein). 

In another aspect, the preparatton of a stereoisomerically substantially pare tons arntoocyclohexyl 
ether componnd of fornmla (20) may be carried on, by a process as outiined in Scheme SB, comprising 
toe steps of starting with componnd offonnnla (12) and following a reaction setprence nnder suitable 
condtoons analogous to toe applicable portion that is described to Scheme 2B, whereto an toe formulae 
and symbols are as described above. 

in another aspect, toe preparation of a stereoisomerically substantially pure trans arntoocyclohexyl 
ethe, compound of formula (24) may be carried on, by a process as ouOtoed to Scheme 6A, comprising 
the steps of storting with compound o, fonnola (12) and following a reaction sequence under suitable 
conations analogous to toe applicable portion that is described in Scheme 3A, wherein all the formulae 
and symbols are as described above. 

In another aspect, toe prepamtion of a stereoisomerically substantially pum tons arntoocyclohexyl 
ether compound of formuto (24) ma, be carried out b, a process as ootlined to Scheme 6B, comprising 
toe steps „, storting with compotmd o, fbrmtda (12) and following a reaction sequence under suitable 
condtoons analogous to toe applicable portion that is described in Scheme 3B, whetein aU toe formulae 
and symbols are as described above. 

In another aspeo, toe preparation of a stereoisomerically substantially pure tons arntoocyclohexyl 
ether compound of formula (10) may be carried on, by a process as outlined in Scheme 7, comprising toe 
Stops of starting with compound of fonnuto (3) and following a reaction sequence under suitable 
conditions analogous to toe applicable portion that is described in Scheme 1, wherein al. the formulae and 
symbols are as described ahmm 



In another aspect, toe prepamtion of a stereoisomerically substantially pure tons aminocydohexyl 
etoer compound of formula (20) may be carried on, by a process as ootlined in Scheme SA, comprising 
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to steps of starting with compound of formula (13) and following a reacrion sequence under suitable 
condrhous analogous to to applicable portion to, is described in Scheme 2A, wherein all the formulae 
and symbols are as described above. 



in another aspect, to prepamtion of a stereoisomerically substantia!!, pur. rrnns aminocyclohexyl 
ether compound of fbnauta {20) may be carried out by a process as outttod in Scheme 8B, comprising 
the steps of storting with compound of fonnula (13) and following a reaction sequence under suitable 
conditions analogous m the applicable portion tha. is described in Scheme 2B, wherein al! the formtuae 
and symbols are as described above. 

In another aspect, the prepamtion of a stereoisomerically substantially pure n-am aminocydohexyl 
etor compound o, fommla (24) ma, be carried ou, by a process as outtined in Scheme 9A, comprising 
the steps of starting with compound of ibrmula (1 3) and Mowing a reaction sequence under suitable 
conditions analogous .o the appbcable portion to, fc described „ ^ 3A _ ^ ^ ^ 
and symbols are as described above. 

In another aspea, the preparation of a stereoisomerically substantially pure »ans amrnocyclohexyl 
ether compound o, fomnda (24) ma, be canied ou. by a process as outHned in Scheme 9B, comprising 
•he steps of storting w«h corned of fcrmuto (1 3) and Mowing a reacrio, sequence under suitobie 
coitions analogous to the applicaMe ^ „ ^ ^ ^ ^ 

and symbols are as described above. 

In another aspect, the preparation of a stereoisomericaH, substantially pure trans aminocyclohe*,! 
ether compound of fommta (10) may be carried ou, by a process as outitod in Scheme 10, comprising tire 
steps o, starting ^ compound of formula (4) and following a reaction sequence under suitaWe 
conditions ana,ogous to to applicable portion to. is describe* in Scheme 1, wherein al. the formuiae and 
symbols are as described above. 

In another aspea, to preparation of a stereoisomerically substantially pure trans aminocyclohex,! 
ether compound of formuta (20) ma, be carried ou, b, a process as outitod in Scheme 11A, comprising 
to steps of storting witir compound of fonnula (14) and Mowmg a reaction sequence under suitobie 
conditions analogous ti, to appticabte portion to, is described in Scheme 2A, wherein all to formulae 
and symbols are as described above. 

In another aspect to prepamtion of a stereoisomerically subsiantiall, pure trans aminocyclohexyl 
eto, compound of fonnuU (20) ma, be canied ou, b, a process as outiined in Scheme 11B, comprising 
to steps of storting witi, compound of formuia (14) and Mowing a reaction sequence under suitobie 
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conditions analogous to the applicable portion that is described in Scheme 2B, wherein all the formulae 
and symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (24) may be carried out by a process as outlined in Scheme 12A, comprising 
the steps of starting with compound of formula (14) and following a reaction sequence under suitable 
conditions analogous to the applicable portion that is described in Scheme 3A, wherein all the formulae 
and symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (24) may be carried out by a process as outlined in Scheme 12B, comprising 
the steps of starting with compound of formula (14) and following a reaction sequence under suitable 
conditions analogous to the applicable portion that is described in Scheme 3B, wherein all the formulae 
and symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (10) may be carried out by a process as outlined in Scheme 13, comprising the 
steps of starting with compound of formula (5) and following a reaction sequence under suitable 
conditions analogous to the applicable portion that is described in Scheme 1, wherein all the formulae and 
symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (20) may be carried out by a process as outlined in Scheme 14A, comprising 
the steps of starting with compound of formula (15) and following a reaction sequence under suitable 
conditions analogous to the applicable portion that is described in Scheme 2A, wherein all the formulae 
and symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (20) may be carried out by a process as outlined in Scheme 14B, comprising 
the steps of starting with compound of formula (15) and following a reaction sequence under suitable 
conditions analogous to the applicable portion that is described in Scheme 2B, wherein all the formulae 
and symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (24) may be carried out by a process as outlined in Scheme 15 A, comprising 
the steps of starting with compound of formula (15) and following a reaction sequence under suitable 
conditions analogous to the applicable portion that is described in Scheme 3A, wherein all the formulae 
and svmbols am as Hac^hko^ 



and symbols are as described above. 
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to another aspect, the preparation of a stereoisomericaUy substantially pure trans aminocyclohexyl 
e<her compound of formula (24) may be carried on, b, a process as outitoed in Scheme 15B, comprising 
the steps of starting with compound of formats (15) and foUowing a reaction sequence nnder suitable 
condrtions logons to the appHcabl. portion ma, is described in Scheme 3B, wherein aU the formnlae 
and symbols are as described above 



In another aspea, the preparation of a stereoisomericaUy substantially pare trans aminocyclohexyl 
ether componnd of fonnnla (10) may be carried out by a process as ontlined in Scheme 16, comprising the 
steps of starting with componnd of formula (6) and foUowing a reaction sequence nnde, suitable 
conditions analogous ,o me appUcable portion ma, is described to Scheme 1, whereto all me formulae and 
symbols are as described above. 



In another aspect, me preparation of a stereoisomericaUy substantially pure trans aminocyclohexyl 
emer compound of formnto (20 ) may be carried on, by a process as outlined to Scheme 17A, comprising 
me steps of stinting with compound of formuta (!6) and foUowing a reaction sconce under suitable 
conditions analogous to me appHcable portion that is described to Scheme 2A, whereto all me formulae 
and symbols are as described above 



In anotoe, aspeo, the preparation of a stereoisomericaUy substantially pure vans aminocyclohexyl 
ether compound of formula (20) may be carried oat by a process as outiiued in Scheme 17B, comprising 
the steps of stinting with compound of fomnda (16) and foUowing a reaction sequence under suiteble 
conditions analogous fo the applicable portion that is described to Scheme 2B, whereto all the formulae 
and symbols are as described above. 



In another aspect, the prepamtton of a stemoisomericaUy substantially pure trans aminocyclohexyl 
emer componnd of formula (24) may be carried out by a process as outitoed in Scheme ISA, comprising 
the steps of starting with compound of fonnuta (16) and foUowing a reaction sequence nnder sutiable 
conditions analogous to the applicable portion that is described to Scheme 3A, wherein all toe formulae 
and symbols are as described above. 



In another aspect, the preparation of a stereoisomericaUy substantially pure trans aminocyclohexyl 
ether compound of formula (24) may be carried out by a process as outlined in Scheme 18B, comprising 
the steps of starting with compound of formula (16) and following a reaction sequence under suitable 
conditions analogous to the applicable portion that is described in Scheme 3B, wherein all the formulae 
and symbols are as described above 



In another aspect, the preparation of a stereoisomericaUy substantially pure trans aminocyclohexyl 
ether compound of formula (10) may be carried out by a process as outlined in Scheme 19, comprising the 
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steps of starting with compound of formula (8) and following a reaction sequence under suitable 
condmons analogous to the applicable portion that is described in Scheme 1, wherein all the formulae and 
symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (20) may be carried out by a process as outlined in Scheme 20A, comprising 
the steps of starting with compound of formula (18) and following a reaction sequence under suitable 
conditions analogous to the applicable portion that is described in Scheme 2A, wherein all the formulae 
and symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (20) may be carried out by a process as outlined in Scheme 20B, comprising 
the steps of starting with compound of formula (18) and following a reaction sequence under suitable 
condmons analogous to the applicable portion that is described in Scheme 2B, wherein all the formulae 
and symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (24) may be carried out by a process as outlined in Scheme 21A, comprising 
the steps of starting with compound of formula (18) and following a reaction sequence under suitable 
condmons analogous to the applicable portion that is described in Scheme 3A, wherein all the formulae 
and symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (24) may be carried out by a process as outlined in Scheme 21B, comprising 
the steps of starting with compound of formula (18) and following a reaction sequence under suitable 
conditions analogous to the applicable portion that is described in Scheme 3B, wherein all the formulae 
and symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (20) may be carried out by a process as outlined in Scheme 22B, comprising 
the steps of starting with compound of formula (22) and following a reaction sequence under suitable 
conditions analogous to the applicable portion that is described in Scheme 2B, wherein all the formulae 
and symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure trans aminocyclohexyl 
ether compound of formula (24) may be carried out by a process as outlined in Scheme 23B, comprising 
the steps of starting with compound of formula (26) and following a reaction sequence under suitable 
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conditions analogous to the applicable portion that is described in Scheme 3B, wherein all the formulae 
and symbols are as described above. 

In another aspect, the preparation of a stereoisomerically substantially pure compound of formula 
(8) may be carried out by a process as outlined in Scheme 24, comprising the steps of starting with 
compound of formula (1) and following a reaction sequence under suitable conditions analogous to the 
applicable portion that is described in Scheme 1, wherein all the formulae and symbols are as described 
above. 

In another aspect, the preparation of a stereoisomerically substantially pure compound of formula 
(18) may be carried out by a process as outlined in Scheme 25 A, comprising the steps of starting with 
compound of formula (11) and following a reaction sequence under suitable conditions analogous to the 
applicable portion that is described in Scheme 2A, wherein all the formulae and symbols are as described 
above. 

In another aspect, the preparation of a stereoisomerically substantially pure compound of formula 
(22) may be carried out by a process as outlined in Scheme 25B, comprising the steps of starting with 
compound of formula (11) and following a reaction sequence under suitable conditions analogous to the 
applicable portion that is described in Scheme 2B, wherein all the formulae and symbols are as described 
above. 

In another aspect, the preparation of a stereoisomerically substantially pure compound of formula 
(26) may be carried out by a process as outlined in Scheme 26B, comprising the steps of starting with 
compound of formula (11) and following a reaction sequence under suitable conditions analogous to the 
applicable portion that is described in Scheme 3B, wherein all the formulae and symbols are as described 
above. 

In another aspect, the preparation of a stereoisomerically substantially pure compound of formula 
(6) may be carried out by a process as outlined in Scheme 27, comprising the steps of starting with 
compound of formula (1) and following a reaction sequence under suitable conditions analogous to the 
applicable portion that is described in Scheme 1, wherein all the formulae and symbols are as described 
above. 

In another aspect, the preparation of a stereoisomerically substantially pure compound of foimula 
(16) may be carried out by a process as outlined in Scheme 28A, comprising the steps of starting with 
compound of formula (11) and following a reaction sequence under suitable conditions analogous to the 
applicable portion that is described in Scheme 2A, wherein all the formulae and symbols are as described 
above. 
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k rt. aspect, the preparation of a stereoisomericaUy substanuaUy pure compormd „ f formula 
(5) may be carried oat by a process as ouUined io Scheme 29, comprising foe steps of starting with 
compound of formuta (1) and following a reaction sequence under suitable conditions analogous to tire 
appticabte portion tha. is describe, in Schenre 1, wherein an tire formulae and symbol are as described 
above. 



In auottrer aspect, me preparation of a stereoisomer^, substentiaU, pure compound of formula 
(15) may be earned o„, by a process as ontiined in Scbeme 30A, comprising tire steps of starting with 
compound of ,onnu,a and foUowing a reaction serraenee under sutabte conditions analogous to me 
appbcable portion ma, is described in Scbeme 2A, wherein aU me formrdae and symbols are as describe, 
above. 



In anomer aspect, tire prepamtio, of a stereoisomericaUy substantia^ pure compound of formula 
(4) may be carrier, out by a process as ontiined in Scbeme 31, comprising tire steps o, starting with 
compound o, formula (1, and foUowing a reaction seonence under suitab.e conditions anafogous to Ure 
apphcab,e portion tba. is described in Scheme 1, wherein aU tire formulae and symb„ ls are as described 



In another aspect the prepamtion ofa stereoisomerieaUy substantia^ pure compound offormuta 
(14) may be earned on. by a process as outlined in Scheme 32A, comprising the steps o, starting with 
compound offormuU (11) and foUowing a reaction seonence under suitable conditions analogous^ the 
appbcable portion that is described in Scheme 2A, wherein aU tire formulae and symbols are as described 
above. 



In anomer aspecr, me present invention provides a compound of formrda (4), or a solvate or 
pharmaceutrcaUy acceptaMe sa« .hereof; wherein .,. me formulae and symbols are as described above 

In another aspect the present invention provides a compound of fbrmma (5), or a solvate or 
pharmaceoticaUy acceptable salt thereof; wherein aU the formulae and symbols are aa described above 

In another aspect foe present invention provides a compound of formuU (6), or a solvate or 
Pharmaceutical accepteMe sal, thereof; wherein aU me fbrmnlae and symbols are as described above 

In another aspect, tire present invention provides a compound of formula (7), o, a solvate „, 
phamraceuticaUy acceptable saH thereof; wherein aU the fornndae and syrnbds are as described above 
wrth the proviso that Rj, R, and Rs cannot aU be hydrogen. 

In another aspeo, the present mvention provides a compound of formate (8), or a solvate or 
pharmaceutical accepteble sa,. thereof; wherein aU the formulae and symbol am as described above 
wrth me provrso that when R3, R4 and R 3 are aU hydmgen Uren 1 is no. a methanesuifonyl group 



In another aspect, the present invention provides a compound of formula (14), or a solvate or 
pharmaceutical^ acceptable salt thereof; wherein all the formulae and symbols are as described above. 

In another aspect, the present invention provides a compound of formula (15), or a solvate or 
pharmaceuticaily acceptable salt thereof; wherein all the formulae and symbols are as described above. 

In another aspect, the present invention provides a compound of formula (16), or a solvate or 
pharmaceuticaily acceptable salt thereof; wherein all the formulae and symbols are as described above. 

In another aspect, the present invention provides a compound of formula (17), or a solvate or 
pharmaceuticaily acceptable salt thereof; wherein all the formulae and symbols are as described above. 

In another aspect, the present invention provides a compound of formula (18), or a solvate or 
pharmaceuticaily acceptable salt thereof; wherein all the formulae and symbols are as described above. 

In another aspect, the present invention provides a compound of formula (22), or a solvate or 
pharmaceuticaily acceptable salt thereof; wherein all the formulae and symbols are as described above. 

In another aspect, the present invention provides a compound of formula (26), or a solvate or 
pharmaceuticaily acceptable salt thereof; wherein all the formulae and symbols are as described above. 
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Scheme 3A 
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Scheme 4 
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Scheme 6A 
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Scheme 6B 
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Scheme 7 
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Scheme 10 
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Scheme 11A 
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Scheme 11B 
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Scheme 13 
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Scheme 16 
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Scheme 19 
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Scheme 20A 
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Scheme 20B 
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Scheme 22B 
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Scheme 24 
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Scheme 25A 
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Scheme 26B 
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